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SCHWARTZ

MISSOURI SCHOOL.
OF
MINES AND METALLURGY.
PROBLEM FOR EXAMINATION
IN
METALLURGY.
BY
H. H. Schwarz.

Class

’ 88 .

Problem to be Solved.
It is required to furnish plans, specifications and
estimate for a Flintshire furnace capable of smelting
2100 pounds of good galena, per. shift of 8 hours.
Give two drawings showing elevation and plan, drawn
to a scale of !4 inch to the foot.
Fire brick, red brick and iron to be shown in colors.
Estimates must cover both iron and brick work.

Previous Explanations.
The plans asked for in the problem are given in plates
I, II and III. The problem only asks for two drawings,
but to explain the furnace more clearly, a third
one was made. The first plate represents the intersection
of a plane, with the furnace, parallel to the front
of the furnace, and bisecting the furnace in its width.
The hopper is represented in projection in this drawing.
The second drawing represents a section through
the fire grates; it is a horizontal section, perpendicular
to the one first mentioned. In this the
brasque is represented as projected upon it. The third
plate is intended to represent a section, through
the tap-hole, perpendicular to both of those
mentioned previously. Since this last drawing was
not required in the problem, it was made more
of a rough sketh for illustration. The question
requires the drawings to be made to a scale of
V2 inch to the foot; but since this would have
required larger sheets of paper, for convenience they
were made to a scale of 14 in. to the foot.
As we have said, this does not hold true for the
last one, however it is an approximate. In the
drawings those parts which were intended to represent
cast iron, were given a light blue color, wrought
iron a darker blue, common brick red, and fire
brick yellow, with a tinge of red.

Specifications.
By this is meant an explanation of the furnace,
and specifying how it should be built.
AB in both plates I and III represents the bottom
of an air chamber, which is arched at the top,
and extends longitudinally beneath the furnace
hearth, and opens to the air when it reaches the
fire hearth end. This chamber can be built
wholly of stone, since it will save a cost in
material.
A level course of brick work is laid over the
crown of this arch, and upon these brick the
wrought iron bars, which connect the vertical
standards, are laid. Above this is built a
concave bed of common brickwork. This bed slopes
down from three sides, until it reaches its lowest
point just beneath the tap hole. Upon this the
hearth is built, which is composed of brasque,
or old slag, such as has been obtained from
previous operations. C in plate I shows a section
of the hearth parallel to the front, and D in
plate III a section perpendicular to it.
x, y and z in plate I represent the projections of
the side doors, through which the charges are working
upon that plane. N in the same plate is a
vertical section through the fire brick forming
the top of the fire bridge. N in plate II is the
horizontal projection of the same. Az is an open
air passage, by means of which the fire bridge is kept

cool.
A bed of fire brick is laid between the
fire bridge and hearth; the bed extending to
within a foot of the top of the air chamber.
Fire brick are used, since they resist the action
of fire better than most materials that could
be used.
K, pi. I, K’ pi. II are the projections and sections ef
through the grates of the fire hearth.
L pi. 1, L’ pi. 3, are the projection and section
respectively, through which the fire is stirred.
M pi. I and M’ pi. Ill, are vertical sections of the
top of the hearth. This top must be made of
fire brick.
Q pi. I, Q’ pi. II, are sections through the flue.
D, pi. I, D’, pi. II are representations of the hopper,
through which the ore is dropped upon the hearth.
The top M, pi. I, makes a very obtuse angle at the
point r. By some this is thought absolutely necessary.
Q and O in pi. I., and L and E pi. Ill, represent
vertical bars, connected at their extremities by
bolts, sections through which are represented in
plate I by small blue colored squares.
O pi. Ill, and O’ pi. II represent what is called a
sump, into which the lead flows as soon as it
is produced. This sump is generally made of cast
iron, and is held in position by wrought iron
hoops. S pi. Ill is the tap hole, through which the
lead flows into the sump.

N’, pi. I, and N pi III represent parts of the cast
iron frame which hold the hopper in place.

Dimensions of Brick-work, (common)
AB, pi. 2, is equal to 9.5 ft., and e’d”, pi. 1, is 9 ft.
hence 9.5 x 9 x 1 = 85.5 cu. ft.
e’e’ = 2.5;:. 2.5 x 9 x 1 = 22.5; 22.5 x 2 = 45.0
e’f, pi. I, = 5 ft. fire-bridge 4.1 ft. wide. 5 x 4.1 x 1 = 20.5 cu. ft.
3 x 7.2 x 1 =21.6 cu. ft. Consequently we have 172.6 cu. ft.
85.5
of brick-work surrounding the fire hearth.
45
20.5
The lower part f e d ’ e\ pi. I, can be built
21.6
172.6
of stone.
ne, pi. I, = 21.6; 1/2 B’C’ + CQ, pi. II = 13
21.6 x 13 x .13 = 36.5 = volume of level course of brick
below the hearth.
B’C, and C’Q are 15.3 ft., nm, pi. 1, = 6.
1 5 . 3 x 6 x 1 x 2 = 183.6 which is volume of the side walls
of furnace if they were all brick.

The average height of the brick below the hearth,
along the wall K’E, PI. Ill, is 2.5 ft, allowing for
curvature and so on. This supposes the bed to be
reduced to a mass whose cross section is a
right angled triangle; ••• 1>4(5 x 2.5) x 10.5 = 32.5 cu. ft.
Therefore 32.5 cu. ft. is equal to the volume of the
bed of brick below the hearth.
10 x 6 x 1.4 = 84 cu. ft.; volume of end wall, through
which the flues feed.
mv, pi. 2 , = 4,14 vz plus ms = 2 ; 4 x 2x 6 = 48 cu. ft.
3.3 x 2 x 6 = 39.6 cu. ft. Therefore 424.2 cu. ft. is the
36 5 volume of the common brick-work about
32 5 the hearth. This makes this makes a
84.0
total for common brick more, not deducting
390 doors and so on, of 596.8 cu. ft.
42T 2 There are 7 doors averaging 1 ft. in depth,
2 ft. in ht. and 1.3 ft in width.
1 x 2 x 1,3x 7 = 18.2 cu. ft. Two flues 1.5 ft. square,
and 1.4 ft deep. 1.5 x 1.5 x 1.4 x 2 = 6 cu. ft.
The tap hole and other openings should be deducted,
but they are insignificant compared with the
whole. 18.2 + 6 = 24.2.
596.8 - 24.2 = 572.6. Therefore the amount of
common brick work about the furnace is equal
to 572.6 cu. ft.; allowing 17 brick to the cu. ft. which
is the [illegible] made when mortar and [illegible] is used,
this gives us 9734 cu ft, which will be required
for the cross section of the furnace; as allowance was
made in each computation for waste of material

the above number will allow for the construction
of all minor parts of the furnace, not considered
here.
Fire-brick work.
The top of the fire-bridge is 4 by 2 1A
4 x 2.5 x .33 = 3.3 cu. ft.; volume of fire brick upon the
top of the fire bridge.
There are 70 brick in a section, as shown in pi. I, through
the bed of fire brick between the fire bridge and
hearth. This section is 4.5 ft.
.16 x .33 x 4.5 x 70 = 33.2 cu. ft.
M, pi. I, is 14 ft. long, and when the arch is
flattened out it will be on an average 11 ft. wide,
hence 14x11 x .66 = 101.6 cu. ft. Consequently the
101 6 number of fire brick required is 138 x 17,
■
supposing them to have the same dimensions

138.1
as common brick. This gives for the number
of fire brick 2346.
Stone Work.
AB, pi. I = 20, AB, pi. Ill = 70. 20 x 7.0 x .8 = 112 cu. ft.
[?]D, pi. I = 3.6 and mn, pi. Ill, = 5. 3.6 x 5 x 1 = 18 cu. ft.
20 x 1 x 3.6 x 2 = 144 cu. ft. Sides of air chamber.
When the arched top is straightened out, it is
7 ft. wide, and 1 6 ft. long; hence7 x 1 6 x 1 =112 is
equal to the volume of the arch.
Vg
From this we find the volume of the stone
work about the air chamber to be 386 cu. ft.
386

d’ e, pi. I, = 2.6 ft., d’ c’ = 5.4 ft., A B pi. 2, = 9.5
2.6 x 5.4 x 9.5 = 133.3 cu. ft.; this is equal to the
amount of stone beneath the fire hearth.
386 + 133.3 = 520. Total amount of stone work
equals 520 cu. ft. Considering a perch 22 ft. long,
1 ft. wide, 1 ft. high, that is 22 cu. ft., this
becomes equal to 520 * 22 = 24 perches of stone
work about the furnace.
W rought Iron.
To determine the cost of the wrought iron, it
is first necessary to find its volume, then
the weight of this volume in pounds. Multiplying
this by the cost per. pound gives the price
of the wrought iron.
In the first place there are 24 bolts, 2 in.
square, whose average length is 13 ft.
then there are 4, 16 ft. long, and 4, 5.7 ft. long,
the other dimensions being the same in both
cases. Hence we have ^36 x 13.2 x 24 = 8.8; Also
£
x 5.7 x 4 = .64 and jx 16 x 4 = 1.76.
36
36
Then there are 32 vertical bars, 7 ft. long, and
2 1/2 in. by 3 in. 2/5 x 1/4 x 7 x 32 = 22.4.
Then two bars upon which the fire grates rest;
these are 3 ft. long, and 2 by 3 in. in cross section.
1/6 x % x 3 x 2 = .24.
The hopper is made of sheet boiler iron, which costs
the same as wrought iron.

The hopper is 3.8 ft. in diam. at the top, which
makes it 11.78 ft. in circumference. It is 5.6 ft.
high; considering it flattened out into a triangle,
its area will be Vi x 5.6 x 11.78 = 32.98 sq. ft.
if it be % of an inch thick we have 1/48 x 33 = .66 cu. ft.
22.4
Therefore the total amount of wrought
1 76
M
iron used in the construction is equal
88
to 34.5 cu. ft. But one cu. ft.
gg
weighs 485.57 pounds; hence the weight
34J 0 of all is: 16752.16
Cast Iron.
The cost of this can be found in the same way
that the cost of the wrought iron is found.
The first to be considered are the cast iron plates
in front of each series of doors. These are between
10 and 11 ft. long, 7 in. wide and 2 in. thick
11 x 7 / 1 2 x 1 / 6 x 2 = 2.14 cu. ft.
7 plates 3A in. thick, 1.5 ft long and 4.2 ft. high,
are equal to 1/46 x 3/2 x 6/5 x 7 = .78 cu. ft.
Another set of cast iron plates is used at the
side of each door, upon which is placed a strong
cast iron plate, about 2 Vi in. thick.
2 x 3 x 2 = 12 the number of plates in the sides of
all the side doors. 1 x 1 x 1/6 x 12 = 2 cu. ft. the
number in these side pieces.
10 x 5/24 x 2 = 4.16 cu. ft., equals the volume of
the cast iron plates that support the top
of the hearth.

The fire grates are 6 in number, each being
5 ft. long, 4 in. wide at the top, and 1 at the
bottom; hence we have:
1/3 x 1/12 x 5 x 6 = 1.2 cu. ft. for the grates.
Ring supporting the hoppe equal 2 ft. in diam.
hence 6 ft. in circumference.
The 4 standards are each 2 ft. in length; they
are all 2 in. square; hence we have
1/6 x 1/6 x 6 = .16 cu. ft. for volume of ring.
1/6 x 1/6 x 2 x 4 = .22 cu. ft. “
“ standards.
The cast iron sump is 3 ft. in diam., hence 9 ft.
in circumference, and to where the sperical part
commences is 1.5 ft., and if it be Vi inch thick,
it makes 1/24 x 3/2 x 9 = .56 for the volume of the cylindrical
part.
The spherical part is 2 x 3/2 x 3/2 x 3 x 1/24 = .56
Then for volume of pot we have 1.12 cu. ft.
Another plate, called the tap hole plate consumed
about .15 cu. ft. of cast iron. Thus we find
2.78
14 that the total volume of the cast
2°°
iron used is 11.93 cu. ft.; hence the
4.16
12 total weight is equal to 454.43, which
16
22 is the weight in pounds of one cu. ft.
se of cast iron, multiplied by 11.93.
1t93 This is equal to 5421.34 pounds

Brasque.
If we suppose the brasque spread out on a
level, it will make a mass 10.5 ft. square
and 1 ft. thick; hence the mass will be
equal to 110 cu. ft., or 4.1 cu. yds.
Sand or Earth.
It will require about 70 cu. ft. of this substance,
thrown upon the top. This equals 2 1/4 cu. yds.

Cost of common-brick.
We found the number of common brick
required for this furnace was 9734.
These can be gotten to the place, and laid
at $10.00 per. thousand; hence the will
cost......................$97.34
Fire brick.
The number of these, was found to be
2346. These are gotten into their place at
$42.00 per. M., consequently they will cost
$98.53.
Stone Work.
The stones are put into place, at $2.75
per. perch. Since these are 24 perches in
this, they would cost............$42.00 for
construction.

This costs 4 cts. per pound on an
average in this work.
Consequently 16752.16 pounds would cost:
............$670.08-*108.76 = $561.32
Cast Iron.
This averages 5 cts. per. pound, therefore
5421.34 pounds cost...........$271.06
Brasaue.
This will cost about $1.25 per. cu. yd. to get
into place. Hence it will cost........ $5.12.
Sand.
This will cost about $1.00 per. cu. yd. .-. sand costs -- $2.50
* Remark.
Upon reconsideration it was found that old bars costing
3 cts. per pound, could be used for vertical standards
with the same effect as those costing 4 cts. Hence
22.4 x 485.57 x .01 = $108.76 thus to be saved.
Total Cost.
Cost of common-brick.......... .......................97.34
“ “ fire
“ ...... ■■■ ■■■ ■■■ ■■■■■■■■■■ no c o
" “ Stonework ...... ■■■■■■■■■■■■■■■■■■a 42
1
00
“ “ wrought iron ...... .................... 561.32
“ “ cast
“ ...... .................... 271.06
1
“ “ Brasque
...... ■■■ ■■■ ■■■ ■■■ BIB BBBB■■ ■5■12
“ “ Sand
....... ......................... 2.50
Cost of Furnace............. ................... 1077.87
u
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